Mechanical stress induces Interleukin-11 expression to stimulate osteoblast differentiation.
Molecular mechanism of mechanical stress-induced bone formation remains unclear. We demonstrate that mechanical unloading suppresses and reloading enhances Interleukin (IL)-11 gene expression in the hindlimb of mice in vivo. Mechanical stress to osteoblasts by fluid shear stress (FSS) in vitro rapidly and transiently enhances fosB gene transcription, stimulates binding of DeltaFosB/JunD complex to activator protein (AP)-1 site of the IL-11 gene promoter, and enhances IL-11 gene transcription. Anti-IL-11 antibody blocks mechanical stress-induced enhancement of osteoblastogenesis and suppression of adipogenesis, suggesting the requirement of IL-11 for the stimulation of osteoblast differentiation by mechanical stress. Down-regulation of DeltaFosB/JunD by small interfering RNA (siRNA) suppresses and overexpression of DeltaFosB/JunD enhances IL-11 gene promoter activity. Consistent with our previous observations that up-regulation of DeltaFosB depends upon activation of cyclic AMP response element-binding protein (CREB) via Ca(2+)-dependent activation of extracellular signal-regulated kinase (ERK) to phosphorylate CREB, mechanical stress-induced activation of IL-11 gene transcription is dependent upon Ca(2+)-ERK pathway. Present results also demonstrated that FSS to osteoblasts enhances canonical Wnt signaling in vitro, and that mechanical unloading induces and reloading suppresses the expression of a canonical Wnt signal inhibitor, dickkopf2 (Dkk2), in vivo. In addition, IL-11 siRNA enhances Dkk2 expression suppressed by FSS, and osteoblasts from IL-11 transgenic mice show reduced Dkk2 mRNA expression than those from wild-type mice. These observations are consistent with the notion that mechanical stress stimulates IL-11 gene transcription via an enhanced DeltaFosB/JunD binding to the IL-11 gene promoter, and that increased IL-11 enhances canonical Wnt signal at least in part via a reduction in Dkk2 expression to stimulate osteoblast differentiation.